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.h.Ee Roport

feata without propeller

cots without propceller srerce made with the entry cowl shap
as for the engine running tests without fan, but with the ecut—outs in
the spinner for the propeller blados and the gap between the spinner and
fan ring sealcd over with fabrie,

Total hoads and flows were determined over a range of gill
positions. The preosencc of' the uxhaust pipes in the gill exit compli-
eated the mrasurvmonts thero and male a complete traverse to obtain the
flow impraeticable, The following proeedurc was therofore adopted:
the rear portlons of the exhaust pipus were removed and the flows
dotermincd from cntry and oxit moasurcments, The tests were then ree
poatud with the cxhaust pipes replacud and, using the oxit flow against
entry flow curves from tine tests without {low as a ealibration, the new
truc oxit flow was dotermincd. A factor (truc-cxit flow)/(eemputed cxit
flow) was thon determined, wherc the computed exit flow was that ealeu-
lated from the oxit pitot-statie readings assuming the only cffoct of th
exhaust pipos was to rcducc the it arca. This faetor whieh varicd
from 1.05 with the gills elosed to 0,8) with the gills open, was then
oppilud to all subsequent tosts, sinco from previous investigations the
factor was cxpceted to rumain eonstant at the same gill position,

The flow was coiputed as I'v O a at entry and £ v & a multiplied
by the faetor at oxit, whore

N4 local voloeity

8a = ropresontativo area scrved by pitot tube.

The total heads at cntry and exit wore corputed as I h vba/t v Oa,
and the total head at the eylinders as I h 8a/T 6a as the velocity hoad
thure was only a small proportion of the total hecad; where h = looal
valuc of total hcad,

The pressurce integrating ring readings were also takoen.

The measurcrents worce made at a windspoed of 160 ft./sec, with
and without tho rear portions of the oxhaust pipes fitted, and scalo
offcet tests were also made at 60 and 100 f't,/sce. with the exhsust pipes
removeds  The above tests werc made at a wing geometrical ineidence of
1,59 and a fow tcsts were also mado at 13,40 at a tunnel spoed of 100 ft./
80CCe

312 Engine runmdng tests without fan

In order to obtain direcct comparison with the provious scrios of
tests the picsent serics was made at the same cngino speeds and wind
speeds and with cngine developing the samo powers. Tho appropriato
valucs of propulloer piteh sotting wure detcrmined from a calibration made
on a 1500 H,P. clcotrio mctor. 3

The total hiead valucs and cxit flow were caleulatod as for the 'no
propeller! teats, tcadings oi tho pressure intcgrating rings were again
takene 5
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The 3 he eylinders ecan corveni
divided into t } 24 into the cowl entry and ¢
the daiffuser. The two planes of measurement are shbwn in Fig.

«11 N

e total

at an entry v/V or C, ut ri !

Ce55, he radial distribtution (Fig. ]

avay from the spinner, he total head at the front of the eylinders
drops slightly from O,79q with zills elosed (v/V = 0,55) to 0.76q wit
21118 open (v/V = 0,78). he diffuser loss obtained by subtraction

varies from 0,113 to 0,229 as v/V increases from 0,55 to 0,80,  The

1iffuser loss in term ® entry velocity head iz diseussed in para. 4.
below,

4,12 Effect of propeller

'he results in Pig.8b ar ‘ o 2ly corresponding to wea
mixture crui and all out level, The presence of the i¢ roots
inercases the loss into cowl entry to C.08¢ at v/V o, corpart
with C.02q without propeller, and has very little effeet at v/v = C.55.
2,10 shows that changing from level speed to ¢lirbing eonditions ine

creases © available total hcad by about 0,03qe

The diffuscr lo: lecreascs when the propeller is added by ar
apount wnich is alrost independent of . ig.10). This lc ir
terms of thu entry velocity hecad i i ble IT below.

o propeller

e 44l

mean entry velocity i.c. U/(Entry arca,
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his comp making tests with ¢
propeller runnir 1 y under full scal
corditions owir ¥ ffec ropellcr blade roots.

k

ol 1

fecot 1 4 he front th

cylinders is 49 l2a, 1 nd 12c, he total head, in
inches of water at repema (ground level), is plotted against
forward speod in knots. The fan produces an incroase of total head of
3 to 4 inches of watcr at w forward specds rising to 5 inches at a
flight speed of 100 knots. ith the gills closod this incrcasc is
raintained up to the highest od represented (270 krots), but witl

the gills half open the pressurc inerease falls to only 1 inches

it 270 knots, | With th i11s fully open the pressure ineriasc has
fallen to zero at about 265 rnots.

Static pr a i1l exit

The mean static pressurc at the gill exit is shown in Fig.l

plottud against pill position or it arce. The curves obtained for
‘no propeller! and J = 2424 are ncarly perallel, the latter being
about Ce 037 bolow, he mcan statie prussurc for the 'no propellor!
tests falls from =C,0lg with the gills eloscd to =0.263 with the gills
opin,

he circumfurcntial variation of static pressurc hes not been
affeeted the change in nosc cowl 0l is as deseribed in Part
II. The variation f'or a given gill positicn is about Q. 3q with a
minirum at the bottom of the cngine and maxima just shead of the wirgs.
4e3 Cocling flow

As no measurcnx could be made in thoe cowl cntry with the
cooling fan fitted, the ling, 1 ralculated from measurements at
the gill exit been throughout the report for the sake of
conzistency. . he term cooling flow i: thereforc used to denotc that
caloulated from cxit measwrcrments unless the entry is speeifically
mentioned. All flous 1otcd hav 1:n corrected to free strcam
terperature,

linge "lor with cxit arca

, 1 ¢ i bt 7 ill cxit arca in Pig.lh
for no propcllor, q 1 rui vel conditions without
fan. he range iz £r - s 100 ft./scc. with th
7ills closed tc 3 i

! untry mecasurements is also
plotted fo : « taln f'rom cxit mcasurements,  The
wgreement betn f valuas i C and the slightly lower
3xit values oc to cowl leak

1 in cu.ft./scee at 2400 ¢cngine repeime
light speed with and without fan.
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The faircd tody dr ake 1t. as proviously
moasured on the C.T.A. | 1

weneral effect of fay

For a given cocoling flow the addition of th wn docreases the
net intornal drag in ncerly all cases, If th xternal drag is taken
a3 a function of gill position only, then the net prepulsive efficiency
of the engine propeller unit is increased in &1l cases by the addition
f the cocling fan. Under cruisc corditiorns this increase is sbout

L 1b. at 100 {t./zec. with the gills half open and 10 1b, with tt

gills fully open., Since the aircraft drap is of tb der of 1CC lb.
per engine thc saving when trying to satisfy tropical conditions i
corsideratle.

5.6 Fan characteristics

The agrooment between the results frem the cngine running test
and those from the full scalc fan toesting tunnel is fairly good, the
measurcd increase in total hoad at thc front of the cylinders being
within 0,023 of that calculated from the fan tunnsl valucs of KS
No loss in fan performa.ace duc to the presence of the propeller blad
roots is apparcrt. An increesc in incidonce of the installation of
59 at J=1.63 rcduced the measurcd total head increase at the front
the cylinders due to the #an by vory little (0,Clq).

List of Symbols

anmular entry arca in planc of fan (2.51 sq.ft.).

rcpresentative arca scrved by pitotestatic tube (sqeft.).

horsepower absorbecd by propeller and cooling fan. (The pro=
pellor horsepower is obtained from a calibration on a 1500
H.P. clectric motor.)

- circular taper assembly front cxhaust ring system.
A full description is given in Part 11,

propeller diameter (12,75 ft.).
mean diameter of coolinz fan (3.05 ft.).
local total head.

prepoller advance diametcer ratio = -!;- .
ot
<
fen flow coefficicnt = ——fmemm o
® n ded
an static pressure rise coefficient - —'—‘——7 .
. (7: o 1} <
s
fan prossure rise coeffieient defincd an R
(%X n d)
o
8scyy,

KCR =

Kg

Seyn, = fan pressurce risc coefficient defined

p(xn 1)«
Ky - balfle constant t n g urc integrating ring drep
!11

ﬂ-lé-

R
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» corstar 5 >N drop from front of cylinder:
4P,

Aty

to gill exit = =
£

ergine crankshaft r.p.m.
propeller (and fan) r.pes. (reduction gear C.L).

ressure integrating ring drc inches of water).
\

ad drecp from front of cylinders to gill exit (inches of

cooling air flow (cu.ft./sec,)a

cooling air #low (cu.ft./sec.) at 100 ft,/sac.
free streem dynamic heal = 4pV°.

propeller radius (6.375 fte)s

static preszure rise across fan (1c./s3.ft.).

increase in front pressure integrating ring reading (1b./sqeft.),
due to fitting cooling fan (at the same valuesof and 1),

increaso of total heed at ‘he front of the cylinders (1b./sq,ft.)
due to fitting cooling fan (at the sam values of Q and n),

frec stroam density (slugs/cu.f't.).
free stream rclative dennity,

v (para.3.11) = 1local velocity (ft./sec,).

v (paras.4.1l end 4.12) = mean cowl entry velocity = Q/A (ft./scc.).
V = free stream velocity (f't./sec,).
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v nigh solidity engine cooling fan in ti
ca an testin unnel,
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D | I I 1T 1T 1 Beulkalix
I Y300
Ve g0 e sol3e vag ] OO0
ca s ExQ f D
e -m v gifivley i1 (X3 e
(]
h"_n. il cieele0 [ 1 25 hid
e PR

W On W0 Waoe

R a——

JE = 1 e o e e e o o R

080 ® 925 0/C% 0[ty 926 0] o o 0 o hoind wd £23.4 2 8.0

i [ [3R] e Jen [ea] wiJew [ae [C0 o> cmea]tsi Jenfcoa] ] sh]su] oo [os] s» [osi] ax[s [ %ei [sc Jovi] e < [ o [ &1 AT ] i [ o] o s jenk] s ”

F o
| ol om v 3T = SRS e ul_:l"”_c:l.. BEMSTAD ® AT IINE] SR/ 00 W ML N CHRMD & ATU BERR (10D L MO o A LY B AT BN

L
(s 6] ols oley oo o LG CRIMICE N G0 CU OO D

F-lom....ru.ﬁ LN e able DCRICTCHLT (X}
L)) ) ) [} COE DO 3

X L] 0 9
© 830 o-imo-{mo[e o[ 0 5% 0| w30 LD CRMT e CNCnCnene RO mao wolaHe 90 40
L LR 0L sid[neia N v A ) wild CDCIICY 3 4 2]
CDENENEDCNCDD oo o]y oo ofvaofa e CDCNCD vidjendjucolenoimol ot iln ol w tjen o gl X v 8|5 1}e8 ¢ @ 1 jun
D0 L3 L0000 00 O MO8 090 00 (00 CIIE CDCDCNr DX I [X) - z
CDCNCDLNCNCT CI) X) N (118 o] [ws

-:QIB’.—»'-; 8 i v 2 S| AT N & 0L NIV TR Af % & GWll @& W SN

DCDENITD 9 Cl
(X m wilvaule (X7 |y []
-




v
1

At

Circulation;

AeDeAs

£.D.5.R. (Records

R.D. (
DeReDale
Ad& AJEJE.
A.R.C.
Fristol siercplarx
per R.T.C,
D.Engeit.Ds
A.D./R.D.E.3.
£.Do/RDeBole
A.D.(I).R.D.I.

20, (Engines




Appersiix I

Particulars of

teat installation

1 Centavrus Enzine

Maric TV
Deutle r«c
=

¢ raiial, sleeve vealve
iameter cver cylinder:
Supercharger zear ratio

Hurber

Type

Bore

Stroke
Conpression ratic
Barrels

Cylinder:

Junkheads
Laffles

Prcpeller rotation
Reduction gear restio
Carburettor:

o3 ins.
Mt 6,76 to 1, 0!

18

Alr cocled

5¢75 1ins.

7.“4 ins.

7.1. tol

No. F.E.102760 with
pitch ‘barrel finning
Two piece Kos F.E.93596 )
Cylindcr head Ne. F.B,122968
Barrels Nos,121166 ard 121167

Vede 1N,

Loeft hand tractor
\;.h. to 1

Claudel Hch

on 16CH

(R.A.Z. injcction carburettor is standard in service).

.

Locked in "M! geer for tunnel tests,

Propeller
Type

Rumber of blades
Material
iameter
Blade secticn
‘.t",‘ ratio
Solidity
Blade drawing number

£ Pitch locked for tunnel tests.

3 igh #alidity cooling

L Al

aterial

Rotol hylraulic’é with
specially thin tlade root
sections,

‘b
wooQu
12 ft.
Clark 'Y!
10.2% at O, TR
0.14 at O, 7R
2.A.10093

) ins,

Laminated wood.

Rotol Jliominal Tip ,f

Drawing lade |Clearance
| Lengt: {in=.

{(ins,)

Dine

A Y
] ins, )

| | Blade
Camber | Angles | Chord
{ (degrees) |(degrees)| (ins,)

~
Lo

| daity

-
Kk."

77

7 -
e L)
3400

2,7

1,53
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les given above

e Winy renacelle unit -

Wings Planform: Rectangular
Spans 0 f%.

Chord:
saximum thicknesss
Cambers

11 ft. 93ins.
17.6¢5 (constent ;ection)

4%

Nacelle, Type: Underslung
Maximaum eross=scctional areat 1 =78t
Engine thrust line: Parallel %o and 1 Tt.
4 inse. below wing chord
lire.

cowl entry. Type: 13¢n entry velocity
spinner, fan and crankcase
“Pairing dismeter: ° 33,50 inse
Inner cowl qiameter: .00 38 ins.
Entry area: 2051 8q.ft.

Type: Full circumference
veriscle gill

Distance forward from

wing, leading edge: 1 ft. 10 in.




1 ~%11
il

Peaition

Mearn gap
{ina,.y

Slese 2.00 .56
. open 2.75 .56

pen o5 .:.5}

-
]
[
|
l

: ;
pen e Je &
Fully opern ke 75 6,36

exlt area = gross exit area = exhaust plpe area \Ve 37

Air intake. Installed in wing leading edge cn pert side of nacelle
cee Fige 2)e

11 coolery Installed in winz leading edge or sToro0 rd side of
racelle (Soc iige2)s Aix flow e ntrolled by louver on
underaide.of winge
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-

-y e e, y .Q- > % -.‘1".‘ o ,-‘-I’ ¥ -ll‘ * 1
sere of the concentric type (Fig.22b)s
lie in the direction of flov

These wer
af'ter thi
11 inary wool tuft exploration,

kad been
urfac tati
entry were irs

Y
in e

> 4 milar type to those fitted at the ¢
1lled in the shoulder cowl

gill plates,.

wnd single tubes werc fitted
he plane of traverse was taken 3 inch in from
the exit (instead of at the exit as in previoua tecsts) to line up with
the surface statics.

Pressurce integrating rings

1 two pressure integrating rings were used as in the previous
teststre,  Zach ring was a contimious tube,
ame radius as

sxtending round the engine
at about the junichead and having 3/32 inch holes through
it at fregquent intervale The manomcter eonnection was bty a single
%=pping pi

3
S

3CCe

Junkhcac

1tatic tubes

The Jjunkhcad statio tubces© on cylinders 4, 5, 8 and 15 wore
still fitted but thoir inaccessibility made cloaning and maintcnance
very diff'i

icult and when soeveral were found to ke out of order no further
raadings were taken,
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FIGS. 4.8 44

EXHAUST PIPES &
2 [CO-AXIAL PITOT-
__ \sTATIC ON MAST

7 s

N OF PITOT STATIC MASTS ATGILL EXIT
A : {NON DIRECTIONAL
TRAVERSING PITOT

FI1G.4..POSITIO

, SURFACE. STATICS

ENTRY CAP
SPINNER ~_SWIRL VANE.
- PORT

sTEd . —

B
F1G.4¢L POSITION OF TRAVERSING PITOTS & SURFACE
FAN OFF

STATICS AT ENTRY
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FIGS.586

FIG.5.COWL ENTRY WITH HIGH
SOLIDITY COOLING FAN
AND STATOR FITTED

’-—! ROTOR | i s

(i

- SCALE = 1/3 FUka SIZE

SCALE=FULL SIZE

FIG.6.HIGH SOLIDITY'COOLING FAN SKETCH OF BLADING
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FIGS 8.8 8r

JUST INSIDE THE

AT FRONT OF CYLINDERS

oS 06 o7
L i L

o1 g2 93 94
7o) 100 1% 200
2OOLING AR FLOW CU. FT/SEC. AT 100

F1G.8a no OROPELLER.

RY

JUST INSIDE THE COWL\

I
AT FRONT OF CYLINDERS _—

L.0SS N DIFFUSER BY SUBTRAC

{ o-l‘izi o3 O4

A

o

100 1]

COOLING AIR FLOW. CJ FT/ SEC AT 100 rr/ssc.
D ALl OUT LEVEL FAN oFr(rs2:24)

FIG 84 wWeAK MIXTURE CRUISE AN
ENTRY TOTAL HEADS.

VARIATION OF TOTAL HEAD WITH COOLING FLOW
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FIGS.I0& I
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o-a}

ToTAL HEAD|
Vee Ve

0.6

LOSS IN
- DIFFUSER
TE— ()4
SUBTRACTION

éﬂ o2 2-4

[+

VARI

20

TOTALHEAD
IN INCHES
OF WATER.

ATION OF ENTRY TOTAL HEADS WITH J. FAN OFF

[ JusT INSIDE FIG.II
TRY

AT FRONTOF

FREE STREAM
ve pve

VARI

0 50 100 150 )

COOLING AIR FLOW C..FT./SEC.

ATION OF ENTRY TOTAL HEADS WITH COOLING FLOW
M. BLADE ANGLE 30°42° FAN OFF

GROUND RUNNING 1890 R.P.
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FIG. 12(a) 2(b)

}TOTAL HEADAT

FRONT OF

PRESSURES IN
INCHES OF
WATER AT 2400
RPM. GROUND

LEVEL.
4o

) 100 150 200 250 30
FIG.12(@Q) GILLS CLOSED FLIGHT SPEED.KNOTS

50 ' W-..._._. —
PRESSURES IN
INCHES OF WATER
AT 2400 RPM
GROUND LEVEL

P . T .
: W FRONT PRESSURE

INTEGRATING
RING READING *

20 230 300
FLIGHT SPEED. KNOTS

“FIG12(b) GILLS !z OPEN
VARIATION OF TOTAL HEAD AT THE FRONT OF THE
CYLINDERS AND FRONT PRESSURE INTEGRATING RING
READING WITH FLIGHT SPEED
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FIG.12¢c& 13

/
/
/
/
/

TOTAL HEAD AT
2 nom"’ OF
CYLINDERS

7 T PRESSURE
mgn ING RING
N RJ@M

B Zan
= -

§2
60

= GILLS l:\OJLLY OPEN
« VARIATION OF TOTAL HER

FIG.12
NDERS AND FRONT PRESSURE
READ

GiLL POSITION
% OPEN
1 ]
s SQFT.

S
GiLL ENT ARE.A(EXC\.UONG

Or—
MEAN STATIC
AREA oF EXHAUST PIPES
0-37 50.FT)

PRESSURE
Vg g2 AT GILL
exit

o 1\
{wcmg MIXTURE CRUISE AND

ALL OUT LEVEL J=2:24

MEAN STATIC PRESSURE AT THE
GiLL EXIT

VARIATION witH ol pPoSITION

FIG.13
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FIGS.14 &15

OUT LEVEL

-.MEASURED
AT

EXIT.

GI.IOSED

| %

e %

|
-l
!
l
l
|
|

|
GiLL POSITION
OPEN

oW

CUAFT/SEC

2400RPM|
800 |-

FIG.14 COOLING AIR FLOW

COMPARISON OF MEASUREMENTS AT ENTRY AND EXIT

3 k] 4 ] [}
GILL EXIT AREA 3QFT.(EXCLUDING AREA OF EXHAUST PIPES O°37 SOFT)

| }mu.s oPEN
]

|
///"% }GILLS K2OPEN

._._.t___.___i__ PSS

| |

00

— 150

200 250 300
FLIGHT SPEED KNOTS

FIG.IS VARIATION OF COOLING AIR FLOW WITH
FLIGHT SPEED.
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FIG.18

TOTAL COOLING BRAG TOTAL INTERNAL
FROM BALANCE RE4dINGS - {8e72)

50

y |
MRAG /
J

l

8. Arnom?hc

40

MINIMUM INTER

GILL PosITION
CLOSEDd| g 234 OPEN
A L L.l I
50 100 150
COOLING AIR FLOW

200
CUFT/SEC. AT 100 FT/sEC.

COOLING DRAG

(No PROPELLER )
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FIG.19a8& b

TOTAL INTERNAL
(BETZ)

| ENGINE

GILL POSITION
cLOSED 4 | |
35140 150 &0 180

COOLING AIR FLOW CuU. FT /SEC.AT 100 FT/SEC
FIG.19 @ weak MiXTURE CRUISE AND ALL ouUT LEVEL FAN OFF

1 1

..

TOTAL INTERNAL.

(eeT2) >
Lst?éz : // l WAKE /
F1/SEC. i

| I

20 1]

/
/
_— =] “ew

(]

| ENGINE

K e % oPeEN
1

L

L1
w—-—-‘-
]
GILL POSITION
CLOSED:

)

170 18 190
OOLING AR FLOW CU.FT sec AT 100 FT/SEC.
FiGI b PROPELLER

INTERNAL DRAG AND DRAG COMPONENTS
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FIGS.2048 20e

l FIG. ZOA

LB.AT 0O F/SES

' |
= | |
. |

=

40 180 180 <00 220
COOLING FLOW CU,FT/SEC.AT IOOFT/SEC

WEAK MIXTURE CRWSE AND ALL OUT LEVEL .J=2.24

F1G.20s

80
DRAG
LB.ATIDOFT/sEC

60

>

ol
=

g

o
e} 40 180 180 200 220

COOLING FLOW CU. FT/SEC. AT 100 FT./SEC.
cuIMB. Ts1.22

TOTAL INTERNAL DRAG (BETZ)+ EQUIVALENT DRAG
DUE TO POWER ABSORBED IN FAN

(SEE PARA 4:53)
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nacelle installation, pt 3: tests with high speed cowl entry
Availability Open Document, Open Description, Normal Closure before FO!I Act: 30 years
Former reference (Department): 2142 .
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



